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Abstract 
A new fatigue crack model is proposed for long cracks, by generalization of Murakami's model established only for 
short cracks. 
The new model is based on the calculation of stress intensity factor (SIF), using directly the new areas created 
during the crack propagation with an efficiency that we consider acceptable. To take into account the behaviour of 
long cracks during propagation, a correction parameter denoted by Ɋ୒ was introduced. This parameter takes into 
account both the effect of the closure and the load ratio. 
The validation of the new model was realized using the fatigue crack growth data obtained by Boukharouba, on 
thick plates containing semi-elliptical defects in three-point bending, for three load ratios ( R = 0.1 , 0.3 and 0.5). 
One of advantages of the proposed new model is the computation of the SIF range (ο) for all the crack front, not 
only two points, one at the surface and the second in the depth position, as it is to use. In this case, the evaluation of 
the crack closure effect becomes more realistic. 
We believe that the transition, during the fatigue crack propagation, from the plane stress to plane strain or  vice 
versa, leads to an ambiguity in understanding this phenomenon. Support of both states simultaneously, plane strain 
and plane stress, by the proposed model represents the realistic solution to illustrate the influence of load ratio on the 
crack, especially for semi-elliptical and semi-circular cracks. 
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Nomenclature 
Y constant equal to 0.5 for internal cracks and 0.65 for surface cracks 
Δσ applied stress range 
area area obtained by projection of the default on a plane perpendicular to the principal stress 
∆Keff effective stress intensity factor range 
∆KC crack closure effect 
∆Kth stress intensity factor range threshold 
1. Introduction 
In 1975, Pearson (1975) has observed that the small crack growth rate is higher than that of long cracks, and this, 
with the same value of applied ∆K. Therefore, an interest has been given to this type of cracks to explain his 
behavior in fatigue. Suresh and Ritchie (1984) considered that the fatigue short cracks behavior is different to that of 
long cracks. Kitagawa and Tagahashi (1976) showed also the existence of a critical size of the short crack, from 
which ΔKth decreases with crack length. Several authors have classified the short cracks in categories such as: (a) 
micro-structurally short cracks, where the crack size is close to the grain size, (b) mechanically short crack, with a 
plastic area at crack tip of the same size or larger than the size of the crack and (c) physically short crack that 
propagates faster than long crack with the same ∆K. Indeed, the application of the Linear Elastic Fracture 
Mechanics (LEFM) on short cracks is possible up to a certain critical size. Thus, models have been proposed with 
amending ∆K to describe correctly the behavior of this type of fatigue cracks. Generally, these changes must take 
into account the effect of crack closure, phenomenon very observed for long cracks than short cracks. 
In 1983, Murakami and Endo (1983) have proposed the geometrical parameter ξ for the SIF range ∆K in 
the case of a rotating bending load and purely alternating compression. The authors have shown through their model 
that the ξ parameter is well suited to represent the harmfulness of a defect 
areaYK SV ' '    (1) 
2. Closure effect 
Mastering the crack closure phenomenon in the passage of a short crack to long crack or vice versa has attracted 
the interest of several authors. Chapetti (2003) defined the propagation behavior of a physically short crack, from of 
a long crack, and this, by reducing the value of the crack closure. 
Cdthath KKK '' ' ,,            (2a) 
dK dth ' ' SVE 0,           (2b) 
With ο୲୦ǡୟ is the sum of threshold stress-intensity range οୱୣ୳୧୪ǡୢ of a smallest physically short crack (absence 
of crack closure effect) and the SIF range corresponding to the crack closure οେ  (Eq. 3). Chapetti rewrite the 
equation of crack closure effect given by McEvily and Minakawa (1987) based on the termοେ. 
   )(, 1 dakdththC eKKK '' '          (3) 
This phenomenon has already been examined by Elber (1971), after observation the phenomenon of premature 
closure of the fatigue crack before cyclic loading is zero. The amplitude of the load applied at the time of closure of 
the crack becomes no influence on the mechanism of fatigue crack propagation. Thus, the author proposed a new 
stress intensity factor range called effective stress intensity factor rangeοୣ୤୤, where: 
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opeff KKK '' '            (4) 
∆Kop is the stress intensity factor when the crack is fully opened. To consider the load ratio effect, Elber connects 
∆Keff and ∆K proposing the following relation, established for the 2124 aluminum. 
R
K
Keff 4.05.0  '
'
           (5) 
A correlation of the same type as Elber's one, but for steels was proposed by Schijve (1981): 
212.033.055.0 RR
K
Keff  '
'
         (6) 
In the 80s, Newman et al. (1984 and 1995) show, on the basis of finite element calculations, that the load ratio is not 
the only parameter influencing the crack closure, but it also depends on the maximum stress level. Thus, the authors 
have proposed a relationship expressed solely on the ratio ∆Kop/∆Kmax for each cycle. 
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The polynomial coefficients are identified by the following relationships: 
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With: 
x α = 1 for pure plane stress and 1/(1-2 ν) for pure plane strain, where ν is the Poisson ratio. 
x Sfl is the material flow strength, calculated by average between the material yielding and ultimate strengths, 
(RY + RU)/2. 
The system of equations (7a) was later modified by Meggiolaro and Castro (2003): 
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3. Generalized model of fatigue 
In this study, we investigated the behavior of semi-elliptical surface crack during the fatigue propagation 
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contained in three-point bending plates. For this, we propose the generalization of the Eq. 1. 
Taking into account the new areas created by the propagation in the formulation of ο that we will propose 
avoid double counting of the same parameter (ο) at the deepest point and at the surface, for semi-elliptical or semi-
circular long cracks. For this type of cracks, the calculation of ο has always been based on these two points 
considered sufficiently representative of the new crack front during propagation. However, several studies and in 
particular those of Boukharouba et al. (2008), have identified the inadequacy of this way of doing. 
In this study we found it useful to use a single geometric parameterξ, which is representative of the new 
areas created during the fatigue propagation, instead of two points on a surface and the other in depth. 
Therefore, we wanted to generalize the Murakami's model (Eq. 1) to make it applicable to long cracks. The new 
model we propose is written as: 
areaK NI SVP 65.0           (9) 
In what follows, we denote by the term ξ the termξ. 
To validate the proposed model, we used the experimental fatigue crack results obtained by Boukharouba et al. 
(1999). The tests were conducted on thick plates in three-point bending containing the same semi-elliptical defect, 
three charge ratios were used: 0.1, 0.3 and 0.5. 
To take account of both the closure and the load ratio effects, we found it useful to introduce the parameter Ɋ୒. 
This parameter allowed us to extend the use of the proposed model to long cracks and a load ratios ranging from 0.1 
to 0.5. The limited range of the load ratio is dependent on the test results we have. We present Ɋ୒ as a correlation 
over two intervals of R, (eqs. 10). 
  JP 26.05.0 RN             (10a) 
3.01.0 dd R :   11.078.1  RRJ          (10b) 
5.03.0 d R :   94.11.078.0  RJ          (10c) 
A comparison between Ɋ୒ and the ratio ∆Keff/∆K used by Schijve and Newman et al., is done in fig. 2. 
The calculation of the Newman term, Sfl (see eq. 7b) requires the introduction of Boukharouba data given by, 
material yielding is 1282 MPa, ultimate strengths is 1433 MPa and maximal applied stress on plate during fatigue 
test is 260 MPa. Hence, the calculated value of ୤୪ is 1357.5 MPa. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: comparison between different correlations and μN 
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We note from the curves of Fig. 1 three points: 
x Almost superposition of the first points on the Ɋ୒  curve and the Newman one for R = 0.1 (plane strain). 
Beyond this point (R = 0.1), the curves are separated. This denotes that Ɋ୒ supports both two states (stress and 
plane strain). 
x The Newman equation (Eq. 7a) overestimates the effect of load ratio in plane strain. We observe a convergence 
to the value of 1 for a load ratio of 0.5. 
x the extrapolation of our curve for lack of test results for R > 0.5, shows that the effect of the closure decreases 
with increase in the value of load ratio until it becomes negligible from the load ratio R = 0.9 (Fig. 1). 
A comparison of the proposed model with Newman-Raju formulation (1984) (eq. 11), established for the deepest 
point (a) and the surface one (c) is shown in Fig. 2. 
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The Fig. 2 shows curves Ki = f(N) et ∆Ki = f(N) (where, i represents one of the parameters a, c or generalized 
model). For three load ratios R= 0.1, 0.3 and 0.5, the Kmax curves illustrating the calculated generalized model is 
slightly below those of Kcmax, and intersect with those of Kamax. On the other hand, the ΔK curves are virtually 
between those of ΔKc and ΔKa. This position is normal in our opinion, since ΔK characterizes the crack tip and not 
a point of the front. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. comparison between K, Ka and Kc (case of R=0.5) 
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4. Conclusion 
We proposed using results of fatigue tests on thick plates, a new model of the stress intensity factor. This new 
model has allowed generalizing the Murakami's model, limited to short cracks, to long cracks. For this purpose, we 
introduced a correction parameter μN reflecting the phenomenon of long crack closure. The comparison of this 
parameter to correlations given by other authors show that the plane strain is dominant when R = 0.1. However, at R 
= 0.3 and 0.5 the fatigue propagation occurs at intermediate conditions between the plane stress and plane strain. We 
called this case: mixed state. 
The use of μN gives a single curve for the two states: plane stress and plane strain. Comparison with other 
models, especially those of Newman and Shijve allows us to deduce the effect of load ratio on the state and on the 
closure phenomenon. We believe that from the load ratio R = 0.15, the crack front propagates under mixed 
conditions, i.e. of both in plane stress and plane strain. 
The extrapolation of the curve relative to μN for R > 0.5 in search of the point of intersection with the Newman 
function and Shijve correlation, leads to conclude that from R > 0.95: 
x An absence of the phenomenon of the closure. 
x The state of plane strain or plane stress has no meaning. 
For semi-elliptical and semi-circular cracks, we believe that a single point of the crack front, irrespective of its 
position on this front, cannot alone explain the effect of load ratio and closure effect. Taking into account the new 
surfaces propagation for this type of crack is in our opinion a good choice. 
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